Partition coefficients from water to organic solvents for phenoxide anions have been obtained using a method based on the variation of pK a of phenols with solvent. From these partition coefficients, the Abraham descriptors for phenoxide anions, on the same scale as descriptors for neutral molecules, have been obtained. Equations have been constructed for the prediction of descriptors, and values of the Abraham descriptors E, S, A (equal to zero for the phenoxide anions we have studied), B, V, and J -have been determined or estimated for some 60 substituted phenoxide anions. These anions are characterized by very large values of the dipolarity/polarizability descriptor S and the hydrogen bond basicity descriptor B. In order to show the utility of the obtained phenoxide descriptors, we demonstrate that they can be combined with descriptors for carboxylate anions and permanent anions to yield equations for the Finkelstein reaction of anions with iodomethane in methanol, N,N-dimethylformamide, and water.
Introduction
Previously we have set out water to solvent partitions coefficients, P, for carboxylate anions and protonated amines and have used these partition coefficients, as log P, to obtain solvation descriptors for the above ionic species. 1 The solvation descriptors were on the same scales as those for neutral species, so that both neutral and ionic species could be included in the same equations. Two methods were used to obtain the required log P values for carboxylate anions. The classical method is from solubilities of ionic species in water and a given solvent, with due regard to ion association and activity coefficients. The second method makes use of the ionization equilibria, eqs 1 and 2, in water and a given solvent.
HAðaqÞ ¼ H þ ðaqÞ þ A -ðaqÞ ð 1Þ
HAðsÞ ¼ H þ ðsÞ þ A -ðsÞ ð 2Þ
Then for transfer from water to the other phase, log P(A -) is given by eq 3: log PðA -Þ ¼ log PðHAÞ -log PðH þ Þ þ pK a ðaqÞ -pK a ðsÞ ð3Þ
In eq 3, it is essential to specify the ionic convention for the partition of H þ between water and the solvent because this will determine the ionic convention for the partition of the anion A -. We used the convention that all log P values for ions are based on log P for Ph 4 As þ or Ph 4 P þ = log P for Ph 4 B -, 1 and this is the convention we shall use for phenoxide anions. Pliego and Riveros 2 have used similar equations to determine solvation Gibbs energies of anions and cations in dimethylsulfoxide (DMSO).
For the correlation and prediction of processes involving neutral solutes, we used the linear free energy relationship:
Here, the dependent variable SP is a property of a series of solutes, for example, SP might be log P for partition from water to methanol. The independent variables in eq 4 are solute descriptors defined exactly as before.
3,4
Equation 4 is a well-tested equation that has been used to correlate and predict partitions in a very large number of systems. [5] [6] [7] [8] In order to obtain the solute descriptors for a given carboxylate anion, we first obtained log P values for as many water-solvent systems as possible. We fixed E for a carboxylate anion as E for the neutral acid plus 0.15 and fixed V for the anion as V for the neutral acid -0.0215, so that three descriptors S, A, and B are unknown. In addition we found it necessary to include an additional descriptor J -to deal with ion-solvent interactions. Thus four descriptors, S, A, B, and J -remained to be determined. If log P values in four solvents are available, then all four descriptors can be obtained. Even better, if log P values in more than four solvents are available, the four descriptors can be obtained by a trial-and-error method using "Solver" in Microsoft Excel, as explained in detail in ref 1. For most carboxylate anions A=0, and so only three descriptors were unknown. Some values of descriptors for carboxylate anions and neutral species are shown in Table 1 . The carboxylate anions are characterized by vary large values of S and B; indeed they are the most powerful hydrogen bond bases we have encountered.
We would also expect phenoxide anions to be strong hydrogen bond bases, and it is the purpose of the present work to obtain descriptors for these anions, in the same way as we have done for the carboxylate anions.
Results and Discussion
There are a number of values of log P for phenoxide ions that have been obtained by the solubility method, as shown in 18 have used an electrochemical method to obtain log P values for transfer of anions from water to wet octanol, but it should be noted that the values are not based on the (Ph 4 As þ or Ph 4 P þ )=Ph 4 B -convention. There are not enough log P values for any given phenoxide in Table 2 to attempt to calculate descriptors with the exception of those for the picrate anion. When we used these log P values we obtained descriptors for the picrate anion as follows: E=1.58, S=0.84, A=0.00, B=0.89, V=1.2762, and J -=-0.488. These are fairly clearly in error, with values of S and B being far too small for an aromatic species with a full negative charge.
We therefore used eqs 1-3 to obtain the required log P values for the picrate anion and for all of the other phenolate anions we studied. Values of pK a (aq) 19,20 and of pK a (s) [20] [21] [22] [23] [24] [25] [26] [27] [28] were from a variety of sources. Log P(HA) and log P(H þ ) in eq 3 are also required for the calculation. As before, we estimated log P(HA) for the neutral phenols from descriptors for phenols and the coefficients in eq 4. We give the necessary descriptors in Table 3 together with values of pK a (w) that we used and the coefficients for the full eq 5 in Table 4 . Note that for the neutral phenols j = 0 in eq 5, which then reverts to eq 4. Values of log P(H þ ) were as before.
As we did for the carboxylate anions, we took E i for the phenoxides as E þ 0.15, and V i as V -0.0215. For all of the phenoxides we studied, A i =0 and so the descriptors S i , B i , and J -remain determined. Even then, the number of phenoxides for which we had sufficient pK a (s) values was very limited. We therefore obtained the descriptors for these phenoxides and set up regression equations for S i , B i , and J -. Then for phenoxides for which we had only one or two JOCArticle pK a (s) values we used a combination of predicted values of descriptors from the regression equations and the log P values from eqs 1-3 to obtain a set of descriptors that were compatible with both. From time to time the regression equations were recalculated until we had a self-consistent set of regression equations and descriptors. We then used the final regression equations to predict descriptors for a number of phenoxides with rather simple substituents. For independent variables in the regression equations we used, as before, the descriptors for the neutral phenols, but in addition we included pK a (aq) as an independent variable. The final regression equations are eqs 6-10. We give the subscript "i" to distinguish descriptors for the anions from descriptors for the corresponding neutral species. Otherwise we use the symbols without the subscript for both anions and neutral species. Equation 7, 8 ,and 10 are simply empirical equations that use readily available parameters as the independent variables. It is interesting that pK a (w) is a useful descriptor for prediction of descriptors for phenolate anions but not for carboxylate anions or protonated amine cations. 1 We note that in similar work on pyridinium cations we have found that pK a (w) is also a useful independent variable. Both for the phenolate anions and pyridinium cations, the substrates are all substituted aromatics, and so pK a (w) acts a Hammett substituent constant.
Equations 6-10 could be used to predict descriptors for other phenoxides with reasonably simple substituents. We have not been able to obtain descriptors for phenoxides that contain hydrogen bond acid groups such as OH, and so the descriptor A = 0 for all the phenoxide anions we have studied. The descriptors for the phenoxides are in Table 5 , together with the number of log P values that we used and the standard deviation, SD, between the observed and predicted log P.
Where no number is given, the descriptors have been predicted through eqs 6-10. The log P values that were obtained through eqs 1-3 are in Table S1 in Supporting Information, together with the references 20-28 for the pK a (s) values. The main features of the descriptors are the very large values of the dipolarity/polarizability descriptor, S, and the hydrogen bond basicity descriptor B. These large values are not surprising, given that all of the phenoxides have a full negative charge, although they are not quite as large as for the benzoate anions; see Table 1 . Polar substituents such as Cl, Br, I, CHO, CN, and NO 2 increase S considerably, but have less effect on B. We suggest that eqs 6-10 can be used to estimate descriptors for other substituted or polysubstituted phenoxide anions with substituents listed in Table 5 .
We noted above that descriptors calculated for the picrate anion from solubility derived log P values were substantially different to those calculated through eqs 1-3. In Table 6 we compare the solubility derived log P values with those for the picrate anion that we calculate from the descriptors in Table 5 and the solvent coefficients in Table 4 .
There are considerable differences between the two sets of data. A possible difficulty with the solubility method is that it relies on there being no solvate formation with the picrate salt in the organic solvents.
On the other hand, there is reasonable agreement between log P values for nitro substituted phenoxides calculated from our descriptors, and log P values by electrochemical methods. In Table 7 we compare electrochemical values for transfer to the somewhat dipolar aprotic solvent, nitrobenzene (see also Table 2), with calculated log P values to acetonitrile, also a dipolar aprotic solvent. In both cases, there is a marked increase in log P with the number of nitro substituents. However, for the hydroxylic solvents wet octanol (see also Table 2 ) and methanol, there is very little change in log P with increase in the number of substituents.
The descriptors for the phenoxide anions can clearly be used to help characterize other water-solvent systems in terms of eq 5, but we were interested to see if the descriptors could be of wider use. One quite different system is the Finkelstein reaction of anions with haloalkanes. Data are available for the kinetics of reaction of anions with iodomethane in methanol, 29-31 N,N-dimethylformamide Table 8 we give rate constants as log k with k in l mol -1 s -1 . There is not a great deal of data, but we have constructed eqs 11-13 for the correlation of the log k values in the three solvents. The given statistics are N, the number of data points; SD, the regression standard deviation; R, the correlation coefficient; and F, the F-statistic. The leave-one-out statistics are Q 2 and PSD, the "predictive" standard deviation, as defined previously. The statistics for eqs 11-13 are reasonably satisfactory, although the large values of PSD suggests that none of them could be used to predict further values of log k with any accuracy. In Figures 1-3 we plot calculated versus observed values of log k using eqs 11-13. The figures all show that the data points for the phenoxide anions lie on the same lines as the permanent ions and carboxylate anions, so that the descriptors for the phenoxide anions can certainly be used to analyze quite different systems to the water-solvent systems. Equations 11 and 12 could not have been constructed without data for the phenoxide anions, an indication of how useful the descriptors for the phenoxide anions could be. If there are enough data on, say, benzoate anions or phenoxide anions separately, then it might be possible to apply the Hammett equation to each data set. However, it is not possible to do so for a system that includes both benzoate anions and phenoxide anions, let alone nonaromatic carboxylate anions. The present results show that it is now possible to set up equations that include permanent anions, carboxylate anions, and phenoxide anions for kinetic processes as well as equilibrium processes. This greatly enhances the utility of the obtained phenoxide anion descriptors and the predictive equations, eqs 6-10. Swain and Scott 36 set out a scale of nucleophilic constants, n, derived from log k values for reaction of anions and neutral molecules with haloalkanes in solvents that were either water or were largely aqueous. They interpreted the nvalues in terms of transition state effects only, but Alexander et al. 32 showed that solvation of the anions must be an important effect. This is also the conclusion we derive from inspection of eqs 11-13. The b-coefficient in these equations is always negative, suggesting that the availability of lone pairs of electrons on the anion actually leads to a decrease in reactivity. The anions are more solvated by the solvent than are the transition states. Interestingly, neutral species such as aliphatic amines that would be regarded as less "nucleophilic" than negatively charged anions react faster with iodomethane than do the anions. For example log k for the reaction of dimethylamine with iodomethane in water at 298 K is -2.04, 37 larger than log k for any of the anions in Table 8 . Relative to the transition state, dimethylamine is less solvated than are anions.
We have shown on many occasions that regression equations for partition coefficients of solutes, as log P, can be interpreted in terms of eq 4 to factor out the various effects that lead to differences in log P among solutes. We have now considerably extended the scope of such analyses, not only to charged species but to rate constants as well as to equilibrium constants.
Conclusions
We have been able to obtain a set of descriptors for phenoxide anions, using the variation of pK a of phenols with solvent. These descriptors are on the same scales as descriptors we have previously obtained for neutral species and for other anions, and allow equations to be constructed for partition coefficients from water to organic solvents, as log P values, that include permanent anions, carboxylate anions, phenoxide anions, and neutral species in the same equation. Other equations have been constructed that allow the estimation of descriptors for further phenoxides, with a quite large range of substituents. The phenoxides are characterized by large values of the descriptors S and B, in a similar fashion to the carboxylate anions. Through an analysis of some Finkelstein reactions, we show that the obtained descriptors for phenoxides will have utility in the analysis of rate constants as well as of equilibrium (partition) coefficients. In the case of the picrate anion, log P values from water to various solvents are not compatible with log P values calculated from our descriptors.
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